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CHAPTER I
INTRODUCTION

1. PURPOSE AND SCOPE. - This office report has been prepared to
present basic hydrologic data and criteria for use in feasibility
studies for possible water resources development in the Kern River
Basin. This report discusses the hydrologic characteristics of the
area, presents an analysis of flow-frequencies, reservoir
sedimentation, and freeboard requirements, and describes the
development of standard project and probable maximum floods resulting
from winter-type rain storms. An analysis of spring snowmelt floods is
not required for this study. The primary emphasis in this report is
on the Kern River at Isabella Lake; however, basic criteria is
presented that could be used to develop hydrologic data for other
locations in the basin.




CHAPTER 1I1
DESCRIPTIVE HYDROLOGY

P DESCRIPTION OF BASIN. -

a. General. - The Kern River basin lies in Kern and Tulare
Counties at the southern end of the San Joaquin Valley. The general
location and features of the basin are shown on chart 1.

The basin above Isabella Lake is about 90 miles long and 30 miles
wide, has an elliptical shape with the long axis rumning north and
south, and has a drainage area of 2074 square miles. The basin is
bounded by the Xings River basin on the north, the Poso Creek Stream
Group and Kaweah and Tule River basins on the west, the Caliente Creek
basin on the south, and the Owens Lake basin on the east. Elevations
in the basin above Isabella Lake range from about 2500 feet to over
14,000 feet at Mount Whitney. About 80 percent of the basin is above
the 5000-foot level. A topography map is shown on chart 2.
Area-elevation curves are shown on chart 3. The Tehachapi Range to
the south and both the Coast Range and the Greenhorn Mountains to the
west partially shield the basin from storms originating over the
Pacific Ocean. A high mountain ridge separates the basin into eastern
and western watersheds. The western watershed is drained by the main
Kern River (referred to as the North Fork) while the eastern watershed
is drained by the South Fork. The North Fork basin is among the most
rugged of the Sierra Nevada basins and is characterized by granite
peaks and ridges and deep precipitous canyons. Numerous small glacial
lakes form the headwaters of the tributary streams. The South Fork
basin lies east of and drains a high but less rugged region that the
North Fork. Mountainuous slopes are less abrupt, stream gradients are
flatter, and canyons are relatively shallow. The South Fork 1itself
consists of a series of long meadows separated by short reaches of
steep canyons. The southern and southeastern portions of the South
Fork basin are desert-like in character with lower mountains well-worn
by erosion.

Below Isabella Lake the Kern River flows southwesterly for about
33 miles in a deep and rugged canyon and emerges onto the valley floor
about 16 miles upstream of Bakersfield. Below the canyon mouth the
river flows southwesterly along a low alluvial ridge, past Bakersfield
and Oildale, to Buena Vista Lake. At Buena Vista Lake the river turns
and flows northeasterly to Tulare Lake. Between the canyon mouth and
Tulare Lake there are numerous diversions for irrigation. In all but
vears of exceptionally large runoff all of Kern River water 1is either
stored in Isabella Lake, used for irrigation, or used to recharge the
groundwater basin. In years when excess water potentially damagiong to
Tulare Lake occurs, all or a portion of it can be diverted to the
California Aqueduct via the Kern River -~ California Aqueduct Intertie.




Both Buena Vista and Tulare lakebeds are broad, flat, closed
depressions with no outlets to the ocean. Tulare lake is the common
terminus of the Kings, Kaweah, Tule, and Kern Rivers. The lakebeds
are normally farmed intensively but are used, on occasion, for the
storage of excess flood waters.

b. Soils and vegetation. - The North Fork basin above an
elevation of about 10,000 feet has a very small amount of soil and
vegetative cover and contains broad expanses of exposed rock on the
mountain ridges and peaks. The area below 10,000 feet has a moderate
to deep soil cover, some areas of wild grasses, areas of scattered
coniferous and deciduous trees, and large areas of brush. The South
Fork basin has a deeper soil cover and a lighter vegetative cover when
compared to the North Fork. Brush and low foothill conifers are
predominate. A study of vegetative cover maps prepared by the U.S.
Forest Service indicates the following vegetative cover over the
entire basin:

Range of
elevation Percent of
(ft) basin area
Grassland (with scattered (2,500-3,000) 5
timber) (8,000-9,000)
Brushland (chapparral, etc.) (2,500-6,000) 28
Deciduous forest (4,000-6,000) 7
Light coniferous forest
(20-507% cover) (6,000-9,000) 2.2
Heavy coniferous forest
(over 507 cover) (7,000-7,500) Negligible
Sub-alpine timber (juniper,
lodge pole pine, etc.) (9,000-12,000) 9
Open ground (barren, and
lakes) (250057000 1.2
(11,000-14,000)
Foothill conifers (4,000-7,000) 17

3k EXISTING WATER RESOURCE DEVELOPMENT. - The water resources of the
Kern River basin have been developed to a substantial level for hydro-
electric power, irrigation, flood control, and recreation purposes.

The Isabella Lake project is the most significant development in
the basin. It consists of a dam and 570,000 acre-foot lake,
constructed by the Corps of Engineers and completed in 1953, that is
operated primarily for flood control, conservation, and power release
regulation. The lake, together with channel improvements on the
valley floor along the Kern River and in the Buena Vista Lake area,
provides flood protection to agricultural lands, oil fields, and the
cities of Bakersfield and Oildale. Numerous dikes and levees have
been built in the Buena Vista and Tulare lakebeds to form areas for



storage of excess water, thus providing additional flood protection
and irrigation storage for reclaimed agricultural lands in the former
lake bottoms. The Kern River - California Aqueduct Intertie is
located in the vicinity of Buena Vista Lake, about 20 miles southwest
of Bakerfield. This project was completed by the Corps of Engineers
in 1977 and provides flood protection to the Tulare lakebed by
diverting excess Kern River snowmelt water into the California
Aqueduct for beneficial use.

Four privately-owned hydroelectric generating plants are located
in the Kern River basin as indicated on chart 1. All of the plants
have been licensed by the Federal Power Commission. Data for the
plants are summarized in the tabulation below.

Existing Hydroelectric Powerplants
Kern River Basin

Annual

Drainage Gross Installed Average Year Operating
Plant Name Area Head Capacity Generation Installed Agency_/

(sq m1) (ft) (kw) (million kwh)
Kern Canyon 2,310 260 8,480 47.2 1921 PG&E
Kern No. 1 2,273 8677 16,000 15782 1907 S JCuiBi
Borel 1,038 3/ 1/ 9,200 64.0 1904 R
Kern No. 3 852 821 32,000 197:5 1921 g.0.E.

1/ Gross head for each of three units is 255, 258 and 265 feet,
respectively.

2/ PG&E = Pacific Gas and Electric Company

" S.C.E. = Southern California Edison Company

3/ Uses only water diverted from North Fork Kern River.

There are many locally constructed works for irrigation in the
basin. Several minor diversions are located in the valley of the
South Fork above Isabella Lake. Below the Kern Canyon powerplant
there are numerous diversion, canals, and distribution ditches. The
Friant-Kern Canal, a portion of the Central Valley Project of the U.S.
Bureau of Reclamation, is utilized to divert water stored 1In San
Joaquin basin reservolirs southward for use in Fresno, Kings, Tulare
and Kern Counties. The canal terminates near Bakersfield. The
California Aqueduct of the State Water Project, constructed jointly by
the state and the federal governments, delivers water to water service
agencies in Kern County. The aqueduct, shown on chart 1, conveys

water from the Sacramento-San Joaquin Delta to the San Luls Reservoir
and thence south.




4. CLIMATE. - The Kern River basin has a temperate climate ranging
from semiarid at the lower elevations to mountain-type in the higher
elevations. The lower elevations have cool, wet winters and hot, dry
summers, while the upper elevations have relatively short, mild
summers and long, severe winters.

Normal annual precipitation varies from 7 inches near Bakersfield
to about 55 inches in the headwaters. A normal annual precipitation
isohyetal map is shown on chart 4. Normal annual precipitation for
different segments of the basin is indicated in the following
tabulation.

Segment of Basin :Normal Annual Precipitation (inches)

Buena Vista Lake 5.0
Tulare Lake 6.5
Foothill area below Isabella Lake 14.7
North Fork Kern River above

Isabella Lake 28.4
South Fork Kern River above

Isabella Lake 14657

About 90 percent of the runoff-producing precipitation occurs
during the period November through April. On the valley floor almost
all of the precipitation occurs as rain, while in the mountains it
occurs as rain in the summer and rain or snow during the other
seasons. Winter storms usually produce rain at the lower elevations
(below 5,000 feet) and snow at the higher elevations. The monthly
distribution of precipitation at several stations in and near the
basin is illustrated in the following tabulation.



Average Annual Precipitation
(inches)

Bakersfield WBAP 1/ : Isabella Dam 2/ : Kern PH #3 3/ Posey 3E 4/

(elev. 495) ~ (elev. 2660) (elev. 2703) (elev. 4920
Month Amoun t % Amount % Amount % Amount %
Jul 0.02 0.3 0.09 0.9 0.10 0.9 .03 0.
Aug 0.01 0.2 0. 22 2.1 0.19 1.6 %) 0.
Sep 0.08 1.4 0.44 4,2 0.27 2.3 .58 2.
Oct 0.26 4.6 0.30 2.9 0.28 2.4 1.20 4.
Nov 0.69 12.1 1.15 11.0 138 11.4 3.04 10.
Dec 0.74 12.9 1.89 18.1 1.78 1:5:.2 4.82 16.
Jan 0.96 16.8 2..07 19.8 214 2135 Sa22  18e
Feb 1.03 18.0 1.73 16.6 1.88 16.1 4.28 14.
Mar 0.83 14='5 1.23 11.8 1.66 14.2 3.96 13.
Apr 0.85 14.9 0.93 8.9 1.15 9.9 3.90 13.
May 0.19 313 0.28 2 0.22 1.9 122 4,
Jun 0.06 1.0 0.10 1.0 0.07 0.6 -3l 1.
Total Dhe {2 100.0 10.43 100.0 11.67 100.0 28.78 100.

— NN OO — OO 00—

o

1/ Climatological normal for 1941-1970
2/ Average for 1954-1976
3/ Average for 1947-1976
4/ Average for 1955-1976

winter months until about the first of April when increased

temperatures cause the pack to begin melting.

The snow pack at the higher elevations accumulates during the

Snow pack data typical

of that for wet (1969), normal (1965), and below-normal (1977) years
are illustrated in the following tabulation.




1 April Snow Pack Data
Kern River Basin

Snow
Depth Water Content (inches)
Snow Elev. in inches Average 1/ 7 of Average

Course in ft 1969 1965 1977 1969 1965 1977 1931-55 1969 1965 1977

Bighorn
Plateau 11,350 123.7 65.6 17.4 55.3 25.8 5.0 23.0 240 112 2,

Big
Whitney
Meadow 9,750 102.4 44.0 18.6 45.0 13.7 4.9 17.0 265 81 29

Guyot
Flat 10,650 117.5 50.9 18.8 50.6 18.0 4.8 21.0 241 86 23

Bonita

Meadows 8,300 115.5 23.0 6.9 50.2 10.3 3.6 14.0 359 74 26

1/ Average values of 1 April water content are averages for &45-year period
(1931-1975) from Snow Survey Data, California Cooperative Snow Surveys,
1977

Temperatures in the basin range from hot on the valley floor
during the summertime to below zero readings at the higher elevations
during the winter. Observed temperature extrcmes are 1200 and
15°F on the valley floor, 1189 and 139F at Bakersfield, 112°
and 11°F at Isabella Dam and 109° and 11°F at Kern River P.H. #3
above Kernville. The monthly distribution of mean temperatures for
key stations in and near the basin is illustrated in the following
tabulation.



Average Monthly Temperature (©°F) '

Bakersfield WBAPL/ Kern P.H. #32/ Isabella Dam3/ Posey 3E4/

Month (Elev. 495) (Elev. 2703) (Elev. 2660) (Elev. 4920)
Jan 47.5 44.8 43.8 37.9
Feb 52.4 48 .4 &47.1 39.4
Mar 56.6 51.6 50.0 41.1
Apr 62.7 57.8 54.4 43.8
May 69.8 65.6 63.3 51.8
Jun 76.9 73048 2.5 59.5
Jul 83.9 81.2 79.6 67.0
Aug 81.6 79.4 78.0 66.5
Sep 76.6 74.5 72,0 62.0
Oct 66.9 63.5 61.8 53.7
Nov 56.0 52.6 51.2 45.5
Dec 47.9 45.9 44,6 39.3
Mean 64.9 61.6 59.9 50.6

1/ Climatological normal for 1941-1970
2/ Average for 1947-1976
3/ Average for 1955-1976
4/ Average for 1955-1976

She STREAMFLOW. - Streamflow records in the Kern River basin are
available at the following locations. Locations are shown on chart 1.




Drainage Approx Stream- Period of

Station Area (sq mi) Bed Elev. (ft) Record (yrs)
Golden Trout Creek near Cartago 23.6 8,940 Oct 56-Sep 67,
Apr-Sep 69,
70, 72-76 1/
Kern River near Quaking Aspen Camp 530 4,690 Oct 60-Sep 74,
73~76: 1
Little Kern River near Quaking
Aspen Camp 132 4,680 Aug 57-Sep 68,
Apr-Sep 69,
70, 72-76 1/
Kern River near Kernville 846 3,620 Jan 12-date
Kern River at Kernville 1,009 2,630 Jan 05-Dec 12,
Oct 53-date
South Fork Kern River near
Olancha 146 7,840 Oct 56-Sep 67,
Apr-Sep 69,
70, 73-76 1/
South Fork Kern River near Onyx 530 2,900 Sep ll-Aug l4,
Jan 19-Sep 42,
Oct 47-date
Kelso Creek near Weldon 101 3,180 Aug 58-Dec 66
Kelso Creek near Weldon 163 2,790 Jul 75-date 1/

South Fork Kern River at
Isabella (inundated by Lake

Isabella) 983 2,480 Oct 10-Sep 13,
Jan 29-Sep 52
Isabella Lake near Isabella 2,074 2,435 Oct 53-date
Kern River below Isabella 2,074 2,435 Apr 45-date
Kern River near Democrat
Springs 2,258 1,840 Jul 50-date
Kern River near Bakersfield 2,407 450 Oct 1893-date

1/crest stage gage for period indicated



The average annual inflow to Isabella Lake is 614,000 acre-feet
(based on records from 1946 through 1977). About 85 percent of this
inflow originates in the North Fork basin. The average annual flow at
Bakersfield is 691,000 acre-feet. (This figure represents unregulated
condition flows and is based on the record from 1894 through 1975; the
record since 1953 was adjusted to account for the operation of
Isabella Lake.) About two-thirds of tne annual runoff from the Kern
River basin occurs from snowmelt during the April through July
period. The seasonal and areal variation of runoff is illustrated in
the following table.

Average Monthly Runoff

Kern River near Kernville South Fork Kern River near Onyx
Month Acre-feet % Acre-feet Z
Oct 14,100 2 1,300 1.6
Nov 15,700 3.0 1,900 i
Dec 20,400 3=19 3,700 4.5
Jan 19,400 3.7 3,600 A
Feb 25,600 4.9 4,800 5.8
Mar 35,600 6.8 8,300 10.0
Apr 64,900 12.4 19,600 2317
May 114,500 21.9 25,200 30.5
Jun 117,200 22 4 9,200 g
Jul 57,000 10.9 2,700 358
Aug 24,100 4.6 1,300 1.6
Sep 14,600 2.8 1,000 1.2
Total 523,100 100.0 82,600 100.0

6. STORM CHARACTERISTICS. - Major flood-producing storms over
central California are generally associated with storm systems that
originate over the Pacific Ocean at about 30° to 50° north

latitude. As these systems approach the coast the trajectory is over
cooler water, thus retarding release of moisture until the air mass is
borne inland where the north-south coast ranges lift the air mass and
cause condensation and release of moisture. Precipitation in the Kern
River basin is largely orographic in nature and usually results from
air masses that approach the basin from the northwest, west, or
southwest. Because of its location behind two barrier ridges and its
orientation, the basin above Isabella is more sheltered and is less
likely to receive large amounts of precipitation than any other major
Sierra Nevada river basins. The South Fork has the least opportunity
to receive preclpitation from Pacific storms as it lies behind not
only the Coast, Tehachapi, and Greenhorn Mountain ranges, but also
behind the high ridge separating the two forks of the Kern River.

This characteristic is evident from a comparison of storm amounts
produced by two of the largest storms in recent history.

10




Average Basin Precipitation (inches)l/

Basin 2-6 December 1966 24-26 January 1969
North Fork 20.8 PR
South Fork 12.3 Dsei3

1/ Precipitation values estimated from storm isohyetal maps, charts 6
and 7.

755 FLOOD CHARACTERISTICS. - Flood flows on the Kern River are of two
major types: winter rainfloods and spring snowmelt floods. In
addition, cloudbursts can produce relatively large flows from small
areas.

Winter rainfloods generally occur during the period November
through March and are caused by large general rain storms augmented at
times by the melting of snow at the intermediate elevations. These
winter floods have short, high peaks and are generally of short
duration and comparatively small volume. The intensity of runoff is
dependent to a substantial degree on the location of the snowpack in
the basin. It is not uncommon for the basin to be relatively
snow-free up to the 9,000 to 10,000 foot elevation during December and
even January, but such a condition becomes very unlikely as the season
progresses into February and March. Further, a high snow-line usually
implies light antecedent precipitation with a resultant dry condition
not conducive to maximum runoff. Conversely, wet antecendent
conditions usually produce an accummulation of snow over the higher
portion of the basin which is sufficient to inhibit run-off from that
area so that only the lower part of the basin can contribute to flood
flows. An example of the variation in contributing area is evident
from an examination of the December 1966 and January 1969 floods.
Available data indicates that the contributing area for the December
1966 flood was below the 8500-foot elevation and for the January 1969
flood was below the 7000-foot elevation.

The largest rainflood of record in the Kern River basin occurred
on 6 December 1966 and had an estimated peak inflow to Isabella lake
of 120,000 cfs and a 5-day volume of 230,000 acre-feet. The peak flow
at Bakersfield was about 9300 cfs and the maximum release from
Isabella during the peak was about 430 cfs. A large flood also
occurred in December 1867 but detailed information about this event is
not documented. Runoff data at several locations for three recent
rainfloods is presented in the following table.

11



23-27 December 1955 5-9 December 1966 24-28 January 1969

Location Peak (cfs) Vol (af) Peak (cfs) Vol (af) Peak (cfs) Vol (af)
Kern River at Kernville 29,400 63,500 74,000 159,000 26,900 70,200
South Fork Kern River

near Onyx 2,050 6,600 28,700 43,600 9,200 17,700
Inflow to Isabella Lake 23,000 59,800 120,000 230,000 35,000 97,400
Isabella Releases 1/ N.A. 2/ 5,500 N.A. 3,500 N.A. 8,000
Kern River near Democrat

Springs N.A. 5,700 10,100 15,200 2,920 14,900
Kern River near

Bakersfield N.A. 5,300 9,290 16,000 N.A. 20,300

l/ Includes releases to Borel Canal
Z/ Not available

Snowmelt floods have moderate peak flows but very large volumes
extending over a two-to-four-month period from April through July.
During the large snowmelt floods the North Fork produces about 80
percent of the total runoff into Isabella Lake. the largest snowmelt
flood of record occurred in 1969 when inflow to the lake was 1,657,000
acre-feet during the April through July period.

Cloudburst floods are characterized by very high peak flows of
short duration and low volume. These type floods usually occur during
the summer or fall and result from cloudburst-type storms. Inflows
into Isabella Lake are not influenced by cloudbursts due to their
small areal coverage. The largest cloudburst flood of record in the
Kern River basin occurred on 29 September 1976 and produced a peak
flow of 11,000 cfs from Kelso Creek (drainage area at gage is 163
square miles).

12




CHAPTER III
STORM ANALYSIS

8. GENERAL. - For purposes of hydrologic analysis the Kern River
basin has been subdivided as indicated on chart 5. These subdivisions
were made at the various stream gage locations to facilitate analysis
of past floods. A flow routing diagram is shown on chart 8. Two
storm periods, December 1966 and January 1969, were selected for
analysis. The analysis was made by developing a mathematical model of
the basin using the computer program '"HEC-1, Flood Hydrograph
Package,' as modified by the Sacramento District. The analysis
includes a determination of base flows, loss rates, unit hydrographs,
and flood routing parameters. Hydrographs of the floods analyzed
along with computed reconstitutions are shown on chart 11.

9. STORM PRECIPITATION. - Basin precipitation was determined from
the isohyetal maps, charts, 6 and 7. These maps were prepared from
precipitation data at the stations indicated on the charts. Time
distribution of precipitation was based on the records at one or more
of the recording precipitation stations.

10. SNOW EFFECTS. - Available temperature data and observations in
the basin before and after the storm periods analyzed indicated that
precipitation fell as snow above the 8500-foot elevation during the
December 1966 storm and above the 7000-foot elevation during the
January 1969 storm. Accordingly, only precipitation below these
elevations was considered in determining basin mean precipitation.
Insufficient data is available to complete a snowmelt analysis. From
the limited data available it was evident that very little snow was
present on the basin below the above elevations prior to the storms
analyzed and that snowmelt produced by the storms was very minor.
Accordingly, a snowmelt analysis was not made.

11. BASEFLOW. - Baseflow was separated from the total runoff
hydrograph as indicated on chart 11. Baseflow adopted for standard
project and probable maximum flood computations was slightly higher
than observed historically to account for wetter antecedent conditions.

12. LOSS RATES. - Previous studies by this office (refer to office
report entitled '"Standard Project and Spillway Design Floods, Kern
River, California," dated July 1965) evaluated losses using a family
of loss curves which related the effects of ground wetness and
precipitation rates upon losses. Average loss rates derived from
these curves for standard project flood computations were .19 and .22
inches per hour for the North Fork Kern River above Isabella and the
South Fork Kern River above Isabella, respectively. Higher loss rates
on the South Fork were adopted because soils on the South Fork were
believed to be more pervious than those on the North Fork. An
examination of available soils maps appears to confirm this
conclusion, however, much of the soil cover with low permeabilities on

1i3



the North Fork is located at the higher elevations (above 10,000 to
11,000 feet) which were non-contributing during previous major storm
periods. Accordingly, the differences in loss rates between the South
Fork and North Fork may not be as significant as previously believed
when consideration is given to contributing areas. The soils maps
also indicate that losses on the local areas below Isabella should be
about the same as those on the South Fork.

Losses used in this study were evaluated using the initial
wetting loss and constant infiltration loss concept. Satisfactory
reconstitutions of historical events could not be obtained using the
family of loss curves used in the previous studies. The constant
losses determined from an analysis of the 1966 and 1969 floods are
tabulated below.

Loss Rates (in/hr)

Basin Subarea 1966 1969
N. Fork Kern R. above Isabella 8 e .25
7 o33 o2
6 .34 .20
5 .34 .20
41 a2 .18
Weighted N. Fork Average: el w2l

S. Fork Kern R. above Isabella 9 non-contribl/ non—contribl/
10 2 .16
3 .20 .11
42 ) .18
Weighted S. Fork Average: »20 e
Kern River below Isabella 2 .24 .07
)| .24 .07

1/ Entire area above snowline

These loss rates are in direct conflict with the analysis of soil
types discussed previously. North Fork losses are higher than South
Fork losses and the losses for the local areas below Isabella for the
1969 flood are extremely low. These discrepancies are probably due to
inadequate precipitation data, primarily on the South Fork where very
little precipitation data is available. Accordingly, losses for the
North Fork are probably more reliable than those computed for the
South Fork. In view of these facts, a constant loss rate of 0.25
inches per hour was adopted for computation of the standard project
flood. This figure is less than the average of the computed North
Fork losses for the 1966 and 1969 floods. A higher loss rate for the
South Fork was not used. A lower loss rate of 0.20 inches per hour
was adopted for computation of the probable maximum flood. Initial
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wetting losses of zero were adopted for computation of the standard
project and probable maximum floods since antecedent conditions prior
to the onset of these floods would be very wet.

13. UNIT HYDROGRAPHS. - Unit hydrographs for this study were
developed using the modified Los Angeles District S-curve procedure
presented in Technical Bulletin No. 5-550-3, "Flood Prediction
Techniques," dated February 1957. This procedure utilizes a
non-dimensional summation graph (S-curve) in conjunction with a basin
factor (@), which relates lag times to basin characteristics, to
develop unit hydrographs. The adopted S—curve used in this study is
shown on chart 9. Lag time relationships are shown on chart 10. The
adopted S-curve was prepared from the unit hydrograph for the Kern
River Basin above Isabella that was developed by this office and
presented in the July 1965 office report discussed in the previous
paragraph. An T value of .06 was found to reproduce the lag times of
the unit hydrographs developed in the earlier studies. This value was
used to develop unit hydrographs which satisfactorily reproduced the
historical floods. Accordingly, an T value of .06 was adopted to
develop unit hydrographs for computation of standard project floods.

Unit hydrographs for probable maximum flood computations were
computed using an T value of .05 to account for increased hydraulic
efficiency of the basins during the occurance of a probable maximum
storm. This produces unit hydrographs with peaks about 15 percent
higher and lag times about 15 percent shorter than those used for
standard project flood computations.

Appropriate adjustments were made in all unit hydrograph
computations to account for differences in contributing areas. Unit
hydrograph ordinates used for each storm analyzed and for computation
of standard project and probable maximum floods are shown on table 1.

14. FLOOD ROUTINGS. — A Kern River routing schematic is shown on
chart 8. Flow routings between the various index points were
accomplished using Tatum's procedure. Tatum routing steps are shown
on chart 8. This routing procedure is verified by the flood
reconstitutions, chart 11.
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CHAPTER IV
FLOW FREQUENCY ANALYSIS

15. GENERAL. - Unregulated condition rainflood flow-frequency curves
(peak and volume) were prepared for the Kern River at Isabella Dam and
at Bakersfield. 1In addition, a regulated condition rainflood peak
flow-frequency curve was prepared for Bakersfield. The period October
through March was chosen for analysis of rainfloods since historically
these floods have occurred during this period. Floodflows for the
remainder of the year are influenced by snowmelt. An analysis of
snowmelt floods is not required for this study. Details of the
rainflood flow-frequency analysis are discussed in the following
paragraphs.

16. BAKERSFIELD UNREGULATED CONDITION. - Eighty-three years of
recorded flow data are available at the Bakersfield stream gage. The
record has been impaired since April 1953 by the operation of Isabella
Lake. Accordingly, adjustments to this record are required to obtain
a uniform unregulated flow record. These adjustments have been
computed by the Kern River Watermaster and are presented in his annual
reports. Peak flows are not available for the entire period of
record. Peak flows for the 1967 and 1969 water years were estimated
by routing Isabella inflow to Bakersfield using the hydrologic model
of the basin developed in this study. Peak flows for the remaining
missing years were estimated by multiple correlation with the l-day
flows at Bakersfield and with peak flows at the Kern River near
Kernville gage (65 years of record), the South Fork Kern River near
Onyx gage (52 years of record), the Kern River at Kernville gage (30
years of record), and with Isabella inflows (31 years of record).
These correlations were made using the HEC 'Regional Frequency
Computation' computer program. Correlation coefficients (R) ranged
from .96 to .99. A tabulation of recorded and estimated flows and
statistical parameters appears on table 2. Flow-frequency curves are
shown on charts 12 and 13 and include the expected probability

ad justment. Adopted statistics for the peak, l-day, and 30-day curves
are also presented on table 2. Generalized skew coefficients of 0.7
for the peak and l-day duration and 0.4 for the 30-day duration were
adopted. The 3-, 7-, and 15-day curves are graphical curves drawn to
give consistent volume-duration relationships. Volume-duration curves
are shown on chart l4. The resulting frequency curves are consistent
among themselves and fit the historical data quite well,

An attempt was made to use the statistic smoothing capabilities
of the Regional Frequency Computation program. The results were not
adopted because the longer duration curves were skewed upward
excessively and did not fit the recorded data.

17. ISABELLA UNREGULATED CONDITION. - Kern River flows near Isabella
Dam were recorded from 1946 to 1953 at the Kern River below Isabella
stream gage. Since 1953 inflows to Isabella Lake have been computed
from reservoir operation records.
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The record at Isabella has been extended by multiple correlation
with records at the Bakersfield gage, the Kern River near Kernville
gage, the South Fork Kern River near Onyx gage and the Kern River at
Kernville gage. The correlations were made using the HEC "Regional _
Frequency Computation' computer program. Correlation coefficients (R)
for the peak and all durations ranged from .89 to .99. A tabulation
of recorded and estimated flows and statistical parameters appears on
table 2. Flow-frequency curves are shown on charts 15 and 16 and
include the expected probability adjustment. Adopted statistics for
the peak, l-day, and 30-day curves are also presented on table 2. The
adopted means are based on the extended record while adopted standard
deviations are those developed for the Bakersfield gage. The
Bakersfield standard deviations were adopted because they are believed
to be more reliable due to the longer record. Skew coefficients are
identical to those adopted for the Bakersfield gage. The 3-, 7-, and
15-day curves are graphical curves drawn to give consistent
volume-duration relationships. Volume-duration curves are shown on
chart 17. The resulting frequency curves are consistent among
themselves and with the curves for the Bakersfield gage. They also
fit the historical and estimated data quite well,

18. BAKERSFIELD REGULATED CONDITION PEAK CURVE. - An existing
condition peak flow-frequency curve at Bakersfield, reflecting the
regulation by Isabella Lake, is required for project evaluation
studies. This curve is presented on chart 18. A graphical analysis
of the recorded daily flows since 1953 was used to define the lower
portion of this curve. Daily flows were used, except for water year
1967 (December 1966 flood), because peak flows were not available and
the lower regulated daily flows are not significantly different than
the lower regulated peak flows. This data was not adequate to define
the upper portion of the curve. A review of the past operation of
Isabella Lake indicated that during the larger rainfloods the peak
flows at Bakersfield (specifically December 1966 and January 1969)
resulted almost entirely from local runoff that originated below the
dam. Reservoir releases contributed very minor amounts (+ 400 cfs) to
downstream peak flows. Operation studies of Isabella Lake, which
consisted of routing hypothetical rare flood events through the
reservoir, confirmed this observation. For example, a routing of the
SPF produced by a storm centered over the North Fork above Isabella
Lake produces a peak flow at Bakersfield that is substantially less
than the SPF produced by a storm centered over the local area below
Isabella Lake. Accordingly, the upper portion of the frequency curve
was defined using an analysis of annual peak rainfloods produced by
the local area below Isabella Lake.

Thirty-one years of daily flows from the local area below
Isabella was obtained by subtracting Isabella outflows, or recorded
flows at the below Isabella gage (flows routed to Bakersfield), from
the recorded flows at Bakersfield. Peak local flows for a portion of
this entire period could not be determined from the available data.
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Peak flows for the missing years were estimated by correlation with
l-day local flows using the HEC "Regional Frequency Computation"
program. The correlation coefficient (R) was .98. An attempt was
made to extend this record by correlation with the longer, unregulated
condition, total flow record at Bakersfield. These results were not
used because of the low degree of correlation. A statistical analysis
of the peak local flow data was made assuming that the December 1966
flood was the largest in the last 83 years (based on records at
Bakersfield). This analysis was made in accordance with WRC
guidelines. This frequency curve is shown on chart 18. A flow of
about 1000 cfs was added to this curve to account for reservoir
releases. The resulting existing condition peak flow frequency curve
at Bakersfield is also shown on chart 18.
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CHAPTER V
STANDARD PROJECT FLOODS

19. GENERAL. - Standard project rain floods at Isabella Dam, at
Bakersfield, and for the local area below Isabella and above
Bakersfield have been developed. Standard project snowmelt floods are
not required for this study.

20. STANDARD PROJECT STORM. - Standard project general rain storm
amounts were determined using the Sacramento District's April 1971
standard project storm criteria report entitled '"Standard Project
Criteria for General and Local Storms, Sacramento-San Joaquin Valley,
California.'" Four storm centerings were investigated. These
centerings consisted of a centering over the entire area above
Isabella, a centering over the North Fork Kern River with a concurrent
storm over the South Fork, a centering over the South Fork with a
concurrent storm over the North Fork, and a centering over the local
area below Isabella with a concurrent storm above Isabella. The
centering over the North Fork Kern River with a concurrent storm over
the South Fork produced the largest flow at Isabella Lake and at
Bakersfield (assuming no regulation by Isabella) while the centering
over the local area below Isabella produced the largest runoff from
the local area. These centerings were adopted for computation of
standard project floods. Storm and snowmelt amounts and other
pertinent information for these storm centerings are tabulated below.

Standard Project Storm Amounts (96 hr)

Storm Centered Storm Centered
Over North Fork Over Local Area
Precip Precip as Snowmelt Precip Precip as Snowmelt
Basin (in) Rain(in) (in) (in) Rain(in) (in)
North Fork 17.88 17.24 2.83 15.61 15.05 2.35
South Fork 8.66 8.40 2..167. 9.19 8.80 2.80
Local below
Isabella 556 5.56 0 11.43 11.43 0

Distribution of precipitation to the various subareas was made in
proportion to the normal annual precipitation of the subareas.
Distribution of snowmelt amounts were made in accordance with the
standard project storm criteria report. Subarea amounts for the storm
centered over the North Fork are presented in the following table.
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Standard Project Storm Amounts (96 hr)

Precip Snowmelt Total
Subarea as Rain (in) (in) Moisture (in)

8 18.01 YR ) 21.13
7 20.45 31,70 24.15
6 18.48 2.99 21.47
5 14.36 2.38 16.74
41 10.47 1.02 11.49
9 10.83 2.66 13.49
10 9.57 3.60 13.17
3 7 32 2.17 9.49
42 6.45 1.81 8.26
2 6.50 0 6.50
1 4,40 0 4.40

Time distribution of total moisture was determined using criteria
presented in the Sacramento District's April 1957 standard project
storm criteria report entitled '"Standard Project Rain-Flood Criteria,
Sacramento-San Joaquin Valley, California." This distribution was
used in lieu of that presented in the April 1971 criteria report
because it gives a more reasonable relationship between peak flow and
flood volume.

21. STANDARD PROJECT FLOODS. - Standard project floods were computed
using the unit hydrograph, loss rate, flood routing, base flow, and
storm criteria discussed in previous paragraphs. In accordance with
the standard project storm criteria all precipitation above an
elevation of 10,000 feet would fall as snow. Accordingly, the area
above this elevation was assumed to be non-contributing. Contributing
areas for the various subareas are listed on table 1. Standard
project flood amounts are tabulated below; hydrographs are shown on
chart 19.

Contributing Standard Project Flood
Drainage Drainage Storm Peak Flow 6-Day Volume
Index Point Area (sq mi) Area (sq mi) Centering (cfs) (ac-ft)
Isabella Dam 2074 1825 North Fork 175,000 460,000
Bakersfield 1/ 2407 2158 . 161,000 465,000
Local area below
Isabella Dam 333 3133 Local Area 22,000 38,600

1/sPF for unregulated condition

22. STANDARD PROJECT FLOOD SERIES. - A 30-day standard project flood
series for the Kern River at Isabella Dam was developed for project
operation studies. This series, as plotted on chart 17, was developed

20




to be consistent with the volume-duration curves for the Kern River at
Isabella Dam. Pertinent data for the series is tabulated below.

Duration
(days) Volume (cfs - days) Time Order of Occurence
5 232,000 (main wave) 3rd
I 18,000 2nd
" 11,000 4th
h 7,000 Ist
e 4,000 5th
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CHAPTER VI
PROBABLE MAXIMUM FLOOD

23. GENERAL. - This chapter presents an estimate of the probable
maximum flood for the Kern River at Isabella Lake.

24. PROBABLE MAXIMUM PRECIPITATION. - Probable maximum precipitation
(PMP) was determined by the Hydrometeorological Branch of the National
Weather Service using Hydrometeorological Report No. 36, "Interim
Report, Probable Maximum Precipitation in California,'" dated October
1961 and revised October 1969. PMP indices maps from this report are
shown on charts 20 and 21. the January-February period was found to
produce the highest total precipitation and was adopted for
computation of the probable maximum flood. The PMP amount for the
entire area above Lake Isabella is 23.6 inches. This amount was
distributed to the North Fork and South Fork basins assuming a storm
centered over the North Fork with a concurrent storm centered over the
South Fork. This centering is identical to that used for computation
of the standard project flood (refer to Chapter V). Resulting PMP
amounts for the North Fork and South Fork basins are 27.3 and 19.4
inches, respectively.

25. SNOW EFFECTS. - An initial snowpack, as shown on chart 22, was
assumed to exist at the beginning of the probable maximum storm. This
pack is based on a snow cover slightly larger than that used for
standard project storm computations. Refer to the Sacramento
District's April 1971 standard project storm criteria report entitled
"Standard Project Criteria for General and Local Storms,
Sacramento-San Joaquin Valley, California.'" The snow pack was assumed
to extend down to an elevation of 3000 feet on the North Fork and 4000
feet on the South Fork. This difference in the lower edge of the
snowpack was based on aerial observations of snowpack conditions made
after major snow storms. Potential snowmelt rates associated with the
probable maximum storm were computed for each 1000 foot elevation band
by use of the melt equation for rain-on-snow conditions and partly
forested areas given in EM 1110~2-1406. Wind and temperature data for
use in this equation were determined from Hydrometeorological Report
No. 36. PMP amounts were distributed to the various elevation zones
in proportion to the normal annual precipitation of the elevation
zones. Precipitation was assumed to fall as rain when temperatures
were above 32°F.

The influence of the snowpack on runoff was determined using a
computational procedure developed by the Bureau of Reclamation and
described in Engineering Monograph No. 35, "Effect of Snow Compaction
on Runoff From Rain on Snow'" dated June 1966. The procedure is
basically a water-budget analysis which accounts for the water in the
snowpack until it is released in drainage. It uses the concept of
"threshold density" and recognizes the compaction (shrinkage) of the
snowpack as water is added. 'Threshold density", defined as the
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density of the snowpack at which compaction ceases and drainage from
the pack begins, was assumed to be 40 percent. This procedure 1is
similiar to that presented in EM 1110-2-1460. The primary difference
is that the EM procedure assumes that the initial snowpack is "ripe"
(at "threshold density'") over the entire basin whereas the USBR
procedure allows the adoption of an initial snowpack with densities
varying with elevation. The assumption of a "ripe" pack throughout
the basin would not be realistic for the Kern River and is not
consistent with previously approved similiar studies conducted by this
office.

Total excess water was computed for each 1000 foot elevation band
using a 2 hour time interval. The following tabulation summarizes the
rain-on-snow computations. As indicated, the areas above 9000 feet
are non-contributing.
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Distribution of the excess water to the various subareas was made
in proportion to the percentage of each subarea in each elevation
zone. The following tabulation indicates total excess water for each
subarea.

Drainage Area

Below 9000' Total
Subarea (square miles) Excess Water (in)

North Fork

8 208 26.49

7 104 28.52

6 178 29.62

5 160 27.24

41 82 21.59
South Fork

9 85 20.39

10 372 21.49

3 101 19.29

42 352 17.49

26. PROBABLE MAXIMUM FLOOD. - The probable maximum flood inflow to
Isabella Lake was computed using the unit hydrograph, loss rate, base
flow, flood routing, and storm criteria discussed previously. The
flood has a peak flow of 530,000 cfs and a 6-day volume of 1,105,000
acre-feet; a hydrograph is shown on chart 23.
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CHAPTER VII
OTHER HYDROLOGIC CONSIDERATIONS

27. FREEBOARD REQUIREMENTS. - Freeboard allowances for wave runup and
wind setup were determined in accordance with ETL 1110-2-221,
entitled, "Wave Runup and Wind Setup on Reservoir Embankments,' dated
November, 1976. Computations of wave runup and wind setup required
the determination of wind velocities and durations and an evaluation
of effective fetch for the reservoir. Effective fetch was determined
from the fetch diagram, chart 24. Maximum fetch towards the dam is
from the northeast. Wind velocity, duration, and direction
information were based on a study of wind records at the Bakersfield
weather station since this information is not readily available at
Isabella Lake. Suitable records at Bakersfield are available since
1956. A frequency analysis of the annual maximum winds from the
northerly, north easterly, and easterly directions was made to
determine appropriate wind velocities. The estimated 100-year wind
velocities were adopted for use. These overland wind velocities (45
miles per hour for 1 minute duration and 30 miles per hour for 3 hour
duration) were used to determine the design wind velocity and duration
at Isabella Dam. A summary of the wave runup and wind setup
computations are tabulated below.

Effective fetch (mi) 2.85
Over-water to over-land wind velocity ratio 1.25
Design direction
Wind direction NE
Wind velocity (mph) 41
Wind duration (min) 39

Design Wave

Significant wave ht. (Hs- ft) 24619

Significant wave period (Ts sec.) 3.4
Wave Runup

Side slope of dam 2.5 to 1

Significant runup (Rs - ft) 3.0

Maximum runup (Rmax - ft) 4.5
Wind setup (S - ft) 0.1
Wave runup plus wind setup (Rmax + S) 4.6
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Based on the above, and in accordance with minimum freeboard
allowances presented in EC 1110-2-27 entitled, "Policies and
Procedures Pertaining to Determination of Spillway Capacities and
Freeboard Allowances for Dams," dated August 1966, the dam crest
elevation should be established to provide a freeboard above the
maximum spillway design flood pool level as follows:

a. A freeboard of 5 feet if 50 percent of the flood reservation
is available at the flood onset.

b. A freeboard equal to wave runup plus wind setup (Rmax + §) if
the reservoir is at gross pool level at the flood onset.

28. EVAPORATION. - The enlargement of Isabella Lake (increase of
minimum pool) would result in additional evaporation losses due to a
larger reservoir surface area. These additional losses must be
accounted for in project formulation studies since additional
evaporation losses will result in a decrease in conservation yield.
Evaporation losses from the existing reservoir are computed from
evaporation pan records using the procedures presented in the
Reservoir Regulation Manual for Isabella Lake, dated May 1953 and
revised January 1978. These procedures have been accepted by the
local irrigation districts for use in computing reservoir evaporation
losses, inflow to Isabella Lake, and water entitlements. Computed
annual lake evaporation has ranged from a low of 57.5 inches during
water year 1967 (a high runoff year) to a high of 83.3 inches during
water year 1977 (a low runoff year). Average annual lake evaporation
for the period of record (1955 through 1977) is 67.6 inches. Computed
yearly evaporation amounts for the period of record are tabulated on
chart 25. A complete record of monthly amounts for the period of
record can be obtained from reservoir operation records. Yearly
evaporation losses for periods prior to 1955 can be roughly
approximated from the correlation curve, chart 25.

29. SEDIMENT YIELD. - Periodic observations of sediment accumulations
in Isabella Lake have been made since operation began in 1953. Only
small amounts of deposition were observed prior to the large rainflood
of December 1966. Substantial amounts of sediment were deposited by
this flood and also by the January 1969 flood. Three surveys to
determine the amount of deposited sediment have been made. These
surveys are discussed in an Office Report dated 24 February 1971,
subject: '"Sedimentation Survey of Isabella Lake." The results of
these surveys are tabulated on the following page.
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Total sediment

Date of Survey Type of Survey deposits (acre-feet)
October 1956 Reconnaissance 500
December 1968 Reconnaissance 5,200
March 1969 Instrument 6,540

Based on this data the average amount of sediment deposited from
1953 to 1969 was about 410 acre-feet per year or about 0.2 acre-feet
per year per square mile. This figure is probably on the high side of
the long term average because the period analyzed contains the two
largest rain floods of record in the last 83 years (records have been
maintained at the Bakersfield gage since water year 1894).
Accordingly, an adjustment was made to this figure to reflect long
term averages. Since most of the sediment is deposited during
rainflood periods this adjustment was based on a comparison of
rainflood volumes at the Bakersfield gage using a ratio of the average
of the maximum annual 7-day rainflood volumes for the 1894 through
1976 period to the corresponding average volumes for the 1953 through
1969 period. This adjustment reduces the average annual sediment
deposition rate in Isabella Lake to 0.13 acre-feet per year per square
mile. Using this figure the estimated 100-year sediment accumulation
in Isabella Lake is 27,000 acre-feet. No adjustment to this figure 1is
required for reservoir trap efficiency since the measured sediments
include only the deposited sediments.

Distribution of the sediment in the reservoir 1s based on the
March 1969 survey and is tabulated below:

Percent Below

Elev. Given Elev.
2605.5 (Spillway Crest) 100
2600 99
2580 97
2560 87
2540 34
2520 5
2500 0
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TABLE -

UNIT HYDROGRAPH CHARACTERISTICS ANDC ORDINATES
DRAINAGE AREA BELOW 7,000 FEET FOR JANUARY 1969 FLOOD REPRODUCTIONS

SUBAREAS | 2 3 41 42 5 6 7 8 9 10

CHARACTERISTICS

TOTAL AREA (Sqg. Mi.) 149.0C 194.0 101.0 82.0 352.0 163.0 184.0 132.0 530.0 146.0 3848.0
CONTRIBUTING AREA PARAMETERS
AREA (Sq. Mi.) 149.0 174.0 91.0 82.0 314.0 126.0 124.0 43.0 63.0 0 157.0
L o(Mi.) 28.9 28.5 19.0 13.8 37.1 19.8 20.6 15.8 20.2 32.4
Lea (Mi.) 15.0 11.1 9.0 4.3 17 .4 7.5 5.9 6.7 4.7 15.0
SLOPE (Ft./Mi.) 185.5 181.5 175.0 301.8 123.1 220.9 164.1 146.6 1144 126.5
Llea/s"d 31.8 23.4 12.9 3.4 58.2 10.0 9.5 8.8 8.9 u3.3
n .06 .06 .06 .06 .06 .06 .06 .06 .06 .06
Lag (Hours) 5.4 4.8 3.8 213 6.8 3.5 3.4 3.3 3.3 6.0
S-CURVE Kern River 8asin
OELTA ELEV. (Ft.) 5350 5162 3320 4165 4565 4365 3380 2318 2307 4100
TWO HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)
TIME PERI0O
(Hours)
2 5661 8353 6578 11437 7544 10319 10392 3759 5457 4723
4 11490 14895 8732 7275 19012 12492 12328 4286 6276 10726
6 9172 10008 487 3073 18430 5929 5787 1977 2906 9782
8 5130 5793 2681 1802 12813 3468 3374 1148 1688 5768
10 3603 3894 1750 1151 8259 2308 2256 773 1136 4058
12 2594 2758 1296 809 63u8 1720 1674 564 832 2906
1 1949 2148 989 455 4809 1238 1203 411 604 2212
16 1568 1756 754 298 3701 1010 982 332 u89 1765
18 13121 1373 631 s 3106 768 728 234 349 1450
20 1060 1135 482 12 2591 508 473 151 225 1249
22 880 987 329 2278 369 356 117 173 1033
24 784 818 45 1938 283 266 8y 125 849
26 676 617 195 1591 186 152 37 59 775
28 543 4us U3 wmuuy 60 42 2 10 684
30 417 371 63 1309 588
32 3112 308 9 1167 471
34 276 244 1001 370
36 231 163 8y 288
38 188 80 656 260
40 42 518 223
42 62 476 186
uy 21 417 152
U6 358 87
ug 301 56
50 241
52 116
54 85
56
58
60
TOTAL 48080 56147 29364 26457 101323 40658 40013 13875 20329 50661
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TABLE -I

UNIT HYDROGRAPH CHARACTERISTICS AND ORDINATES
DRAINAGE AREA BELOW 8,500 FEET FOR DECEMBER 1966 FLOOD REPRODUCTIONS

SUBAREAS ! 2 3 4 42 5 6 7 8 9 10

CHARACTERISTICS
TOTAL AREA (Sq. Mi.! 149.0 184.0 101.0 82.0 352.0 163.0 184.0 132.0 530.0 146.0 384.0

CONTRIBUTING AREA PARAMETERS

AREA (5q. Mi.) 149.0 184.0 101.0 82.0 352.0 158.0 174.0 91.0 154.0 57.0 342.0

L (Mi.) 28.9 30.0 19.0 13.8 41.1 20.6 21.0 19.4 36.7 10.7 37.8

Lea (Mi.) 15.0 11.9 9.1 4.3 17.4 7.5 7.1 10.3 8.1 3.4 18.0

SLOPE (Ft./Mi.) 185.5 185.2 175.0 301.8 120.8 231.9 170.9 197.3 103.6 61.9 g .4

LLca/s'5 31.8 26.2 13.0 3.4 65.0 10.1 11.4 14.2 29.2 4.6 55.8

n .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06

Lag (Hours) 5.4 5.0 3.8 2.3 7.0 3.5 3.6 4.0 5.2 2.6 6.6

S-CURVE Kern River Basin

DELTA ELEV. (Ft.) 5350 5562 3320 4165 4965 4765 3580 3818 3807 660 5600

TWO HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)
TIME PERIOO
(Hours)
2 5661 8108 7267 11437 7770 12843 13351 6306 6240 6948 8486
y 11490 15203 9673 7275 20382 15648 17028 8563 12251 5381 21064
6 9172 10909 4989 3073 19853 7456 8389 4559 9351 2288 20334
8 5130 6212 2984 1802 14918 4368 4958 2747 5261 1324 13743
10 3603 4216 1948 1151 9368 2900 3260 1791 3622 872 8984
12 2594 3006 1442 809 7344 2163 2432 1318 2615 627 6803
14 1949 2334 1102 455 5463 1559 1762 1025 1990 427 5198
16 1568 1892 838 298 434y 1271 1428 764 1603 251 3978
18 1321 1532 702 145 3524 975 1152 646 1333 176 3358
20 1060 1210 539 12 2972 649 819 517 1049 88 2814
22 880 1071 369 2598 465 548 368 908 11 2456
24 784 916 273 2253 360 438 256 794 2072
26 676 730 218 1894 246 327 210 668 1708
28 543 548 161 1614 81 177 161 516 1572
30 417 408 73 1502 u8 98 384 1410
32 312 355 13 1350 35 312 1250
34 276 292 1203 269 1051
36 231 231 1019 220 850
38 188 135 833 174 672
40 142 66 671 90 556
42 62 546 43 506
uy 21 505 u39
56 4y 373
18 383 312
50 325 212
52 264 110
54 13y 47
56 109
58
60
TOTAL 48080 59374 32591 26457 113585 509814 56147 29364 49693 18393 110358
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TABLE -1

UNIT HYDROGRAPH CHARACTERISTICS ANC ORDINATES
DRAINAGE AREA BELOW 9,000 FEET FOR PROBABLE MAX{IMUM FLOOD CCMPUTATIONS

SUBAREAS 3 4l 42 5 6 7 8 9 10
CHARACTERISTICS
TOTAL AREA (Sq. Mi.) 101.0 382.0 352.0 163.0 184.0 132.0 530.0 146.0 384.0
CONTRIBUTING AREA PARAMETERS
AREA (Sq. Mi.) 101.0 82.0 352.0 160.0 178.0 104.0 208.0 85.0 372.0
L (Mi.) 19.0 13.8 41.1 20.6 21.0 20.2 B39 24.5 39.2
Lea (Mi.) 9.1 4.3 17 .4 7.5 el 10.4 9.5 8.3 19.0
SLOPE (Ft./Mi.) 175.0 301.8 120.8 231.9 170.9 214.3 114315 47.4 155.6
LLca/s'5 13.0 3.4 65.0 10.1 11.4 14.3 33.7 29.5 597
n .05 .05 .05 05 .05 .05 .05 .05 .05
Lag (Hours) 3.2 1.9 5.9 2.9 3.0 3.3 4.6 u.y4 5.7
S-CURVE Kern River Basin
DELTA ELEV. (Ft.) 3320 4165 4965 4765 3580 4318 4307 1160 6100
TWO HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)
TIME PZRIOD
(Hours)
2 9216 13711 11186 16612 17404 90u6 10886 4918 12618
u 10067 6486 24760 15712 17644 10365 18365 7724 27080
6 4578 2758 21991 6986 7908 4790 11555 4528 23211
8 2651 1579 12676 3936 4526 2781 6811 2720 13121
10 1786 1013 9009 2700 3068 1873 4535 1793 9372
12 1281 526 64 U6 1859 2142 1370 2228 1290 6708
14 957 2301 | 4819 pRIT 1658 96 2516 1010 4973
16 751 75 3914 983 1213 805 2038 791 4058
18 502 3228 610 755 571 1559 621 3392
20 334 2748 u52 552 369 1347 536 2829
22 255 2231 270 389 284 1139 436 2256
24 164 1898 63 169 205 891 319 2005
26 u7 1711 7 92 648 225 1770
28 1498 10 488 189 1524
30 1247 41y 150 1214
32 982 329 113 942
34 749 244 51 723
36 631 103 13 646
38 555 19 547
40 467 uu9
u2 384 354
uy 276 165
46 128 85
us 45
50
52
54
56
58
60
TOTAL 32589 26459 113579 51627 57435 33557 67115 27427 120032
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TABLE-I

UNIT HYDROGRAPH CHARACTERISTICS AND ORDINATES
DRAINAGE AREA BELOW 10,000 FEET FOR STANDARD PROJECT FLOOD COMPUTATIONS

SUBAREAS I 2 3 41 42 5 6 7 8 9 10

CHARACTERISTICS
TOTAL AREA (Sq. Mi.) 149.0 184.0 101.0 82.0 352.0 163.0 184.0 132.0 530.0 146.0 384.0

CONTRIBUTING AREA PARAMETERS

AREA (Sq. Mi.) 149.0 184.0 101.0 82.0 352.0 163.0 184.0 123.0 297.0 139.0 384.0

L {Mi.) 28.9 30.0 19.0 13.8 41.1 20.6 21.0 21.5 38.7 26.9 39.9

Lea (Mi.) 15.0 11.9 9.1 4.3 17.4 7.5 74 10.5 13.6 10.8 19.4

SLOPE (Ft./Mi.) 185.5 185.2 175.0 301.8 120.8 231.9 170.9 247 .y 137.1 80.3 157.8

Llca/s*3 31.8 26.2 13.0 3.4 65.0 10.1 1.4 1.y 4.9 32.4 61.5

" .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06
Lag (Hours) 5.4 5.0 3.8 2.3 7.0 3.5 3.6 4.0 6.1 5.4 6.9

S—-CURVE Kern River Basin

DELTA ELEV. (Ft.) 5350 5562 3320 4165 4965 4765 3580 5318 5307 2160 6300

TWO HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

TIME PERIOD

(Hours)
2 5661 8108 7267 11437 7770 13250 14118 8471 8682 5208 8846
4 11490 15203 9673 7275 20382 16143 18008 11530 19981 10644 22736
6 9172 10909 4989 3073 19853 7692 8872 6178 18448 8578 22118
8 5130 6212 2984 1802 14918 4503 5242 3728 11038 4796 15976
10 3603 4216 1948 1151 9368 2993 3448 2430 7708 3382 10141
12 2594 3006 1442 809 7344 2233 2571 1786 5533 2432 7902
14 1949 2334 1102 455 5463 1608 1894 1392 4250 1823 5924
16 1568 1892 838 298 4344 1312 1509 1036 3356 1468 4622
18 1321 1532 702 145 3524 1005 1219 876 2758 1238 3826
20 1060 1210 539 12 2972 669 866 706 2384 998 3198
22 880 1071 369 2598 480 580 505 1990 822 2814
24 784 916 273 2253 372 464 349 1616 735 2418
26 676 730 218 1894 254 346 288 1472 635 2003
28 543 5u8 161 1614 8y 187 221 1306 515 1762
30 317 408 73 1502 50 142 1138 397 1620
32 312 355 13 1350 52 925 295 1451
34 276 292 1203 735 259 1274
36 231 231 1019 561 219 1053
38 188 135 833 500 179 860
40 142 66 671 435 139 672
42 62 5U46 367 63 589
uy 21 505 303 28 532
u6 uuy 211 362
us 383 104 393
50 325 36 331
52 264 218
54 134 119
56 109 51
58
60

TOTAL 48080 59374 32591 26457 113585 52598 59374 39690 95837 44853 123911

SHEET 4 OF 4 TABLE |



*LY Pu® 91 sydesbesed o)

ERR 2]

ISR PUL-E

8¢} | MU UC POSBY BN |BA DOLBL ! 1T UYL SIUDEEITIL 3 - (308671) "W1sRq ol | epow a!uolwp‘“ Butsn sonj®A p"“”'f
“310N TUIASIeNRE IV SmO| ) fep-1 yliwm BAd O 1uw:d14330D u(-‘lalauogrr
) I l
or ; oL oL on - i oL oL oG
88z " 19214deag 6L’ AN 882" | {edi1ydesg 6Ln° 0s- TA90 'PIS
668°2 ! *S2°€ €€ ez | 182°€ | Se€'€ uven 807
SOH1SI1lvlS Q31d0QV
Il ' (aBeb pier)sianeg Yyl m
Sé S6° 96" | 16" 96" S6’ 0T 01 0T | 0T 0t [66° '}380) voi1lw(3.10)
028 228 | S°z8 | n'z8 6°08 LY 0°€y | 0°€8 o'es!|  o¢s 0'€8 z°z8 SJ¥3L carnhy
(240 685" e | 669 \ 9zL” €29 e€sn” 9nG - | w29’ ofL” : 8€8" 06L° nang
*LZ 81€ " 9¢ | en g6n” 866" 88z " nze” 29¢” )44 6Ln" s TAOQ 'PIS
668°2 162 650 € f LGT°€ nSZ € €LE € 86z 920°€ 60T € S0Z € 182°€ S6E € oy 607
NOILVI34400 374117NW NO G3SvE SOILSIIVLIS QG3QN31X3
! I
0°1€ 0" 1€ 0 1€ 0°1€ 0°1¢ 0L .0°€8 0°€8 0°€8 ! 0°€8 0'€8 0" in sive L
€69 988" | €L6” | z86° S00°T l 820 - (135 9IRS nz9” onL” | 8£8” 966" maxg
L0€° 95€” N’ L6’ 895" LT 882" wZE" z9¢” w2e | e 685 ARQ " PIS
668°2 l 1862 l 080 '€ Se1°€ | SIE € I 8ST N 8n6°Z 920°€ 601 € | S0Z°¢€ (82°€ 66 € vean 607
SA1LSILVLS G31NdKWOD
| !
09¢ 0LE 08¢ oxt ons | 3 €L 9Lf 8L€ £In | Gin €05 3 £0S 9L61
0s9 0€L 088 0607 o€zt | 3 zLZv 189 ' 18¢ (11 | 7601 0L1Y 3 nL9t SL6t
(1134 0617 onzt 01S1 0661 3 09¢€2 1121 Lz nzZet | ngnt 6091 IR () T4 nL6T
1.?._...,,.4__-__'._ P S— =4 — I ST I FESS——— | T — e e —_— el e = Al = S = —4
oriL | 09¢L T 006 onzt 00wt | 3 2041 668 216 1007 T 80€T G2ZST 3 €51 €Let
0€S 009 019 019 on9 3 on9 LnS 19 929 129 0€9 3 168 zLel
0L9 098 118 8¢ onzt 00T 3 8cer 889 6.8 0€TY 14249 [F¥A¢ 3 8nét TL6T
[1384¢ 0061 0212 025¢€ 0LLS 3 €926 9611 S191 11€2 L2LE 00€9 3 2299 061
062¢€ 0116 0L6L 00RET oonzz 0006€ €69¢ S0.S €1.8 000671 9TZNe i [zooooé 6961
— e —— SR | s I —_— - o = 4
0€8 098 068 0L6 0511 | 3 68wl 168 SL8 *06 696 %01 ' 3 ¢8Z1 8961
0€0S 0€06 oonLl I 00Z5€ 008z L 000021 €428 Zin6 €5€81 GSTLE 62008 00006 1961
0801 0€Z1 00ST | 0L02 00S2Z 3 169¢ e €TL 198 | 9011 1427 3 112 9961
0€01 (9.3 19 ¢4 0692 09zh | 3 6L19 9111 (135 %922 !‘9182 | €69n 3 2165 S961
otTx onn 0zs | 019 0€9 3 0€9 onn 605 16§ I €69 i 2S¢ 3 056 n961
—— .T — —4— 4 SRS (- e i —— - - S . —
0961 OLTE | OEWS | 0066 008S1 | 3 16802 9661 90Z€ unc—1 0866 ! 8657 3 88Lf€ €961
0€S 0€9 | o018 or6 086 3 086 z86 I24.9¢ Z00Z | niSZ | S€82 3 5€82 2961
022 onz | 09z | 02 0Z€ 3 0z¢ Nz €S2 952 l 182 | Zo€ 3 uLE 1961
00§ ' 0€9 069 | oL6 | 0461 3 0822 €€9 €69 69¢ €201 0691 3 0181 0961
0z¢ 09 09s ; g9 o€L | 3 ome sns | 69s LS l €9 | s89 | 1 1e8 65 61
e g o B S| s ST (| | = ~ ]
onoT 08¢T 0191 L 06L1 0902 3 1062 Zitr | 0ESY 061 | 0€0Z onez | 3 800€ 8561
0SS 0€9 0iL | one o€8 | 3 ofs 0LS | 059 0zZL 028 0061 3 2512 1561
0081 0£82 osen l 0108 00821 | 000€2 0$81 : 0682 068t 0108 00427 3 onznz 961
o9 osn 08S 0zZL 0€1T 3 Zn2l 181 05S 069 | ozé | szov 3 6051 493
019 069 oLL 056 Lont 0661 9L 508 688 ZL0T | OL1% 021z nS ol
s e e —— e — % VL---—T —_—t : i =
016 0011 0811 | o6nT €02 3 8L€2 SnOT 1621 nent | G681 1802 02nz €561
ontt ot 0z61 1 0682 oozn | 3 0Llo¢ 96€T €081 ' €9€z | 0z9¢ l ZEL9 ones 2661
0wz | 060€ 00SS | oocot: 00512 00S6€ 00sZ 092€ | 0IxS 0086 : 00LuY 0009€ 1561
099 0tL ozzt | 0061 onsz 0Lsn 08L 016 0821 oT61 | 0882 0651 0561
o1€ 0S¢ 0% | o8¢ ’ oon | 3 o€n ong ! si€ | 98¢ l o | 2o 0.9 6n6t
A= ¢ _1__ — T = e S (RS A S b + : - S e sy =
092 0zZE 09¢ 09¢ . 0L : 3 0L€ 992 SIE 6S€ I n9¢ | w9€ 0L€ gnel
0L9 06l 010t o6ny | 0611 069€ one 068 00ZT | 09T | oOwnz 018€ Lol
006 0007 0zz1 (019 3 0681 | 3 86wz 0001 o111 0LET | 08ST : 0€LT o161 el
3 1811 | 3 €81 | 3 6912 | 3 2852 3 L2zw ¢ 3 Y8 0€Z1 0941 on9z | 09w 095 | 0L€6 Snet
3 88¢L 3 08 3 9.6 3 gLt 3891 | 3 912 [1194¢ 0611 oszt | oowt | ozst | 0881 RR6T
NURSSEE -t B -+ wer | 2 == - PN < _._+. ST S| 1
3 0nNIZ | 3 w0LZ | 3 Zz6E | I L619 3 en8 | 3 665062 09¢n 00z9 | OwOL 0090 | 0061T 00L12 (173
3 6716 3 86 3 6401 36821 | 13 1261 ! 3 2nt 096 1184 0811 oont i 0651 08L1 Zn6t
3 61427 I 661 | 3 (nOZ 3 €602 3 niez 3 0962 0841 0181 0867 onez 0L62 3 0L62 Tn6T
3 €017, 3 OTIT | 3 6227 3 G161 3 €702 3 91¢n 0€EY 0191 0661 (01474 0682 osns one6Y
3 9L l 3 LT6 ERRAS9¢ 3 LETY 3 LETT 3z 068 0611 06€1 0951 o€ LT 0181 6E6T
R N gl e i o] = o T ) COa e s e | e e i e _l DR ST
3 8841 | 3 1622 | 3 ZT6E | 3 ot12¢ 3 966%T | 3 88661 0192 08¢€E o€EsSn 0969 00511 009N T 8t6l
3 LG6T | 3 89NZ | 3 ENIE | 3 $B6S 3 IhO6 | 3 6TTET 0€92 0€9¢ otsn 0108 00L¥T 00002 LE6T
3 116 3 1.6 3 €1€T 3 I1SET 3 €667 3 5091 056 00171 0LET 08s 1 0181 0S12 9ce61
3 L€ 3 L€ 3 60N 3 60n 3 60N | 3 %o otn 0Sn Oln ong 065 0€9 SE6T
3 L6W 3 116 ERRS 3 8ns 3 G6IS 4‘ 3 689 oSt o6n 06% 028 06S 059 "E61
_ _ | ST | S ey il | | = N N " i
3 1S 3 146 3 029 3 627 3 629 3 6hET 009 0$9 00L o1L 0LL 06L (113
3 8L11 3 8L1I1 3 8411 3 8417 3 ZUnt 3 GI9T 0Z11 0921 06€T 00§61 0467 0922 2€E6T
3 L0€ 3 0%€ | 3 0s€ 3 0S¢ 3 0S€ 3 0SE 092 082 00€ 1344 (.14 08¢ 1€61
3 18S 3 8¢¢L ! 3 8.6 3 €221 3 €191 3 6602 0LS 089 one 096 (11883 0287 0£61
3 62 3 6n l 3 &2 3 620 3 62w 3 6Z% ozZn osn 066 009 069 0€L 6261
- S T — - e ———— e - - - -4
3 109 3 608 3 ové6 3 8111 3 29¢€1 3 Q222 ons 0LL 0611 o6t 0891 0181 8261
3 2661 | 3 0L0Z | 3 L68Z 3 L16€ 3 009s 3 081711 081L1 [i*4 T4 091¢ os2w 0L1S 0159 Lzev
3 9L€ 3 9.€ 3 9i€ 3 9.€ 3 9L€ 3 /8% 1341 otn ost oon ogn (1743 9Z61
3 8¢s 3 619 3 689 3 699 3 689 3 168 01s 056 o€9 ond 0x8 0107 SzZ61
3 ot ER A 3 0Lt 3 0L1 3 0Lt 3 oL 092 0Lz 01€ 0€E 0€€ 0LE wZ61
e A | T ) m— = = = S — 4
ER141] 3 €19 i 3 61L 3 €68 3 116 3 9%EnT 0TS 09% 059 09L 018 068 €261
3 696 3 856 3 856 3 6611 3 6511 3 6511 098 0011 00€T 0Z€T 06£1 oent zZ61
3 eTL | 3 STL 3 09 3 2¢6 3 26 3 %101 016 066 0001 0401 0911 0021 1Z61
3 126 | 3829 3 104 3 £96 3 9.6 3 9.6 099 0TL ong 016 001 124 34 0261
3 £6n 3 196 3 7€l 3 128 3 w207 3 0051 029 069 016 0407 1 (1) R4 0611 61¢1
3 xS 3 %09 3 298 3 %817 3 "I91 3 €z61 064 oné 066 0801 0zZ11 0911 8161
3 66L 3 661 3 968 3 968 3 968 3 GE€T 0901 0611 09T 06L1 0981 0861 1161
3 9€9¢ 3 (€8S 3 2099 3 8€10T 3 901671 3 €0%€Z onLe 0TSH 020§ 0t119 00001 00081 9161
3 189 3 998 3 OnTY 3 InTT 3 6enT 3 €L€e2 008 onoT 0zZ11 0021 0zzt 0821 S161
3 2691 | 3 8L6Z | 3 69M¢E 3 6059 3 TZ€0T | 3 0291F 0zez 0$9¢ 0€EY ooonJ CI6ST 00€£81 161 |
3 9LE 301V 3 GZn ER¥a ERYA | 3 809 oZn (4 ] o6n 005 01s I 8LG €161
3 wS€ 3 LLE 3 6lE 3 6L 3 6LE 3 6L€ oon 02s oxsS 04S 009 3 €ne Z161
3 €€oT 3 ¢891 3 LE€2 3 n60€ 3 Z66n 3 GEY9 0EET 08571 00€2 00€€ 0L9€ 08£S 1161
3 9291 | 3 ZwZZ | 3 91€2 3 250€ 3 910% 3 669% osny 0197 08€2 0149€ 099 095 L 0Tl
3 1681 3 zine 3 8162 3 182N 3 266L ERR (17484 0092 0ZEE i 0€£%€ 0S5 LS | 0818 0L(81T 6061
= | e A - . A
3 68¢ 3 6 3 wLTT 3 1891 3 z812 3 9Z€E 0L0% 09€T | oont 0161 08G1 3 6€lT 8061
3 88 3 256 3 S11Y ERA FAS 3 €6LT 3 wZ6Z 0LET 0€91T | 0181 0€6T 0102 3 zez L0617
38912 | 3 L9 | I wZEN 3 6589 3 9628 3 €106 0012 o%OE | 09Z¢ 0I9m 0€SS 3 LE69 9061
3 691 3 w8 3 896 3 9%t 3 1zt 3 ozZon oo 0Z01 0011 0sTT 01€T 3 6261 5061
3 z18 3 218 3 6m0T 3 oLnY 3 ount 3 0iny 0L9 0€6 0€TT 08s1 0941 3 0941 061
_ — . = — B A — ——— — — - —
3 €09 3 €09 3 zuL 3 068 3 1801 3 €o€T 08$ | o9 | o0s8 0L1Y i oent 3 911 €061
3 (08 3 126 3 1111 3 w121 3 8821 3 8821 ong | on6 (1124 0611 | O6fY 3 6991 Z061
3 €L 3 0n6 3 0L6 3 0111 3 0111 3 o011y 074 34 08S1 029t |, 091 08LY 3 €192 1067
3 Z9% 3 86N 3 709 EIRE 7 318, | 3911 ozn osSw 0€S : 089 | 0S¢ 3 6101 0061
3 6201 | 3 8BET | 3 niS1 EIY4 14 1 3 082 3 62821 009 016 06ST L 0662 0zZ1€ ot 6n 6681
3 LEn 3 nén 3 €S 3 Z€S 3 2¢S 3 Z€S osx osn 09¢S ' 099 I 0EL 3 08 B68T
3 LE6 3 ¢611 3 €097 3 8881 3 82¢2 3 82¢€2 0€6 0Lot 0Z€T 0191 l 0102 3 692¢ L1681
3 259 3 /€8 3 1901 3 9161 3 2922 3 L192 096 08TT | 01ST 022 001€ 3- n8sE 9681
3 1621 | 3 EnLY | I3 T6€2 3 6L1€ 3 6ten 3 €216 osnY 0s91 | oTIZ 0662 09Ln 3 L S681
3 0Z¢L 3 L2217 | 3 0991 3 1€22 3 €9L€ 3 €9L€ 0107 0zZ11 0z21 4' 06€T | OwNT 3 8061 LT
AYO OE | AYO ST AYO L l AVO € AYO 1 Av3d AYO O€ | AYO ST AVO L ; AYO € AVO 1 Av3d WV 14
MOTINI 3XV ¥1138VSI 07314S¥INVE ¥VIN YILVM
Y3IAIY NY3IN - SMOT4 NOILIGNOD Q3LVINOIYUNN

¢—3718vl

TABLE 2



I L4VHD

-
dVO @)1 umoig

200 ‘WQD: paindaiyg

6L6T AYVNNYP

VINHOITYD ‘OLNIWVHOVS SY3I3INIONI 40 SdHO0D

dVN  TTVH3EN3O

e BRG

FRL A1

| B uUE L -
VINHOSITVD "H3AIM NE3IM ik i P RO
W 43 PUVERS WENPEBEIR]
AT
JPIEY seee s
£ 133U &
A HULW =} ST &
[ TEJ ([ o omy, g
dN3o3n
PlatisJaxeg “Ju Jaaly uasy one6T
sBuiludg 1eJOo0WSQ JU JUBAIY UUBY GZ61
Bl |8qes| MO|3q JBAlY uda}y 0167
uop|amM "Ju “J3j Os|8)y L68T
xAUuQg JU J8A1Y UIdY HJ04 Yyjnog G681
BYOUB|(Q JU JBAIY UJLBY Y404 yinog 28871
S L!AULBY B JBALY UuadYy 0L87
9L 1AUIBY ‘JU JBALY UIIY 09871
dwey uadsy Buiyend “au JaAty uady 91313117 ©S8T
dwe) uadsy Butyend -au JeA1y uiay G €687
oBejde) *Ju Raau) 3Inoal usp|oy £G8T
“ON
NO11d1¥42S30
Sosh
SNOI1VLS 39VD Wv3IYLS

L

0045%

g =
vl
SIAT NYS
LLER]
=29
TE
ALNNO3
0%+
in iy
impanty
Beu 1y 183
-|||||||I|I.....\.\.1|J oy
— e
o038
Ixr?
risiA
516 e
o
00.601 o
e
Sr.Bl
S =z
2
&
o
o
¥
0.8
& ‘p
< K
- -
~ P
- #
-
&
&8

S1a6%

3 5 : ; ;
H H n- T g - A s =3 t
] / o ¥ = H N ¥ S
4 - -]
) :
s s L i
2 - J H
- { = ONS3H4
1 = winiy A
i gg
I W g
FE T 178 233 . :
gy pews o " 4 .-‘.. !
- ! - e i |
| Inw7 R il T 7
_:qqo., =AY o~ 5 Fe |..-. ,.,.v-ﬁ.
&
BT
- X @ A1wnoa somnit : =
iz m auut\wﬁ
ok ” s 2 s s,
x s %
% o o £
1 e i’
H p
. ] P
5 2 WYINLEL, | 7 3 ¢
. e - L L) =
%, o F o sy af wa Moy
“ " ) Dy, 2 il :
5, . fa . vIwSIA, 7 e et
< LHvRITEYI . ¥
= - ) gt - .
= - QY VMY K ;
= » -
8 Je PV e 78 p: B
5 B b o E]2 . A 23
o & “ I ] ) - é _.mm
p - ad.:.wmu... / _ \
X g 2 -
| | 3 "
p.-.c‘au Juliig -, " ..!..a W m
. AVSONIT & zz
oy H 33
%
Nyt 5
\.W,\W.J_;nu..mca AVD SONINHEL |
HEINrN
INr7 -
$53200S S ez
INrT (t) A
H 5 w =Y
=& .
35 > 3
zm = E (
28 T ) ¢ by = 2
¢ i s 5
3 R 2 e
iy 2
& $ 3
- 1
®
\\.l../ ,
"0 N\ Y
— o~ h ..l..IIJ W
(LT E LD ol e P A=
ld\\-\ § f\..l..t\ .M.../
& - M
viaN y /
{ —
A}
v ? o -
£ Hd wid 098T st hSBT £ N
Jouiy iy ; L7 . L
@ “ b }
" A ERLT:) . ; \
fier. 5
v 773G¥S ; = \
el 4P )
]
I
3 i
’ geeid o N LT
yEid
\
"
. ' ey FTTT)
G681 oay v
2881 -
2} 4 r N .
.lf. P4 @ L L
—
- - - l\ n . T
1 % | —" q i o
>~ % SR ; 7
.\. I} ’»._.._._n.\ ‘:.\_ m..\!\ 4 S — \
o) e — \ y )
_ 4 2 = i34 0
. m m
- jur
SN
.
: z - S - 5 H
S * $ 2 g

Fav7
AV 14 NS

River

0%

sy

ey

o

o

L7

Fork

A

4
538
e

00.

00418

$v.6

01 .6}

o611t

00.611

PRl

0f o R

Sledll

.00.811




¢ L¥VHD

dvD umoug
6L6T AMVNNYI 2400 N9y Ppeiodaig
VINYO4IT¥D ‘OLNINVNIVS ‘SHIINIONI 40 Sd¥0D R
) 3vas y
dVN AHdVYY490401
— Sle6ll
VINYO4ITVD ‘H3AIY NYIN 3 199 U1 JN03UOY ~000T—~
(LERER]
T— 2 — 00.6
4SHINVE

mm SbaBl

Slalll

SP.sE
00,9¢
S1.9€
0F .9¢
Sb .98

w
@

.
w
e




€ 1YVHD

*4°¥°D :umoig

6L6T AJVAKYL 9400 ETO ) S

VINYO0311v2 ‘OLNINVYIVS ‘SYIINIINI 40 Sd¥0D

(weq e|fages| anoqy)
S3A¥ND NOILVAITI - V3IYV

VINJO4 1YY ‘H3AIY N

00t

S6 06

S8 08 Si

0L

Uoi13eAd|d uaAalb MO|2Q Baue JO JU3DUBY
$9 09 g 0s ] o% 14

o€

1'T4

ST

01

|

\\

A

VAV

01

1T

21

€1

®T

ST

97

"33 000°] ul uoijeas|3




h L4VHI

6L6T AHVNNVr (2i0d . oﬂ« Wo h.”n”“m
VINYO4ITVD ‘OLNINVHIVS ‘SHIINIONI 40 Sd¥0D
d¥YWN NOIL1V11d1334d
TYNNNY TYWYON
VINYOJITVD ‘¥3AIY NY3IN
“dYN 30 UotlRUIWIRIGpP 4O}
poesn 10U - s@sy noj moug
n
[ SMOpRIK W} iuog \_ION
| mopuol Aouliym B1g h,ao
_ 1e1d 10403 | B9
m neeyv|d uioylsg ks
LS dv @M p|e!ljsieyeg 9¢
09 MT Ple!jsaexeg S€
'L UlAdy 114
1°8 uoAue)y uJeYy (44
n°0T T "ON Hd Y4ox | 2¢
6°1T ejusey (e 1€
T°€T eutws0] o¢
0% weq w|[equs| 62
St MSM T uop|opm 8z
Z°6 xAug Le
0°07 si0H paoyjom 92
LTV € "ON Hd u49y T4
L 81 SY¥ UOY[Nj e([lAUU(H nZ
2°Ly el|1AuUe (Y €2
L'TY Apoopm 22
8°82 3¢ 4esod 12
8 €2 sy radg 304 "31(9d | 02
0°9¢ junge|qnog | 6%
I°h2 9|wpuosuyop 871
6°91 € Uy uaey i
0°G¢E mopuey punoy | 97T
2°1t sBuiadg Apuipy ST
0°9 somi vy "t
6T mOpuReK @ydwuol | €T
0° 96 usdsy Buiyend | 2z
nTh youssoy 13
0°L2 IN3 L oL (!AButads | 0T
T'S€E syMpH @(n) e[| tABuiadg _ 6
6°0f MOPROKW 110X3O0H " 8
9°6€ Liemyy | ¢
€°9¢ MOPROW 1 OM _ 9
9°6% sy (euuny | g
€°6 Hd POOMUO}I}0) QUid QUOT 't
8°LT 4D poomuo3i3o0) €
922 MOPROKW 90J41QRJI) b4
9°12 A|LA uoiug eouepuedepu| 1
(ssyouy) )
“d"V°N NO11d142S3¢ ON
SNOILVLS NOILVYLIdID3Yd

[EITEE TS

==

T
O

37vIs

313SHINVE

te

o
o
.
o
=)

S¥.SE

) NH3IN

ALNNOZ

JHYINL

nod

ALN

00.9¢€

SOUOU! Ul JUNOwWs 38AYos| JyYN—f —
ebey ebuvioig (D ) e
s2df] yiog @
Buipiodsy-uok O
Buipaooey .
ON3931

00 46l

+ T Ska8l

JDELBI

00 .80

0€.9¢
50 . 9¢

\S1.9¢




S LYVHI

d¥% 0 umpig
6L6T AHVNNYI 3400 WO Ppaindaig
2] 1
VINYO4ITVD ‘OLNINVHOVS ‘SHIINIONI 40 Sd¥0D
ERLZY
dV v34vans
S1.61
VINYO4ITVD ‘H3AIY NY3IN
A'I = E - 00,61
114SH 3AVvH —~——
ZZ SboBIl
Fa VR
' Y i
—
.~ IQ.J 3¥ \\\_ / T 0g.81
~ S A ]
P \\ 0" ol.,
9 i ——
5 ( Z \ N S
mo N A \
xAUQ D3N JaAIY U4IY Y404 Yinog ol i \ Vs 3 n \ \
DYUDIQ JDBN 1A U3Y %104 4iNDS 6 L L \\.,/w\\ @ E J
dwo) uadsy Bupony JpaN Janly uay 8 M.l.\'.\\; W\...\ ? -3 \-l\\l‘ \v
dwpy uadsy Bumpnp DN J3AY LY 3PN VA ~— A \L.:[r:..l.l,...\..\ A\ \\/\f 5 ) ; ._f\ AV
3||IAULRY JDIN JBAY UIBY 9 T~ ..ul...\,l.;l\l.\.n/ XI./..: 9, 3
/.\ﬁ v - & Py £~ IW Gle8I
3IIIAUIRY 1Y JBAIY UIBY [ i) —~ P -3 \ -
—_— 5
2¥D7] D||2QDS| IAOQY |DIOT) 43AIY UJIY %I04 YinoS 20 \l.\ ~J Yw 4
ayD7) D|j2GDS| IA0QY D07 JBAIY UIAN It /Q \ _
UOP[aA JDBN %3340 0S|IN < ,MV. i V
Lf/ ~— [ \p.\
sBuiidg 104ODWAQ JDAN JBAIY UJIY 2 - o o
P|31}SJ3%0F JDaN JIALY UIIN ! .....f/l y .\V\ 4&.’-\..!!'\
L
NOILdI¥OS3a v3¥vans NOI1vO01 ..In)/\ n\lll..} p \W
INIOd X30Ni \ o K
o = (\\\\ Y -+ 8
B e T Y a
31304
8 8 e 5 g 3




9 LYVHD

6L6T A¥VNNVYr 3i0d

dV D umoig
MOy Ppasodaid

VINYOJI TV ‘OLNINVYIVS 'SYIINIONI J0 SdH0D

dVWN TV13AHOSI

VINYO4ITYD ‘4IAIH NY

9961 Y¥Y39W3330 9-¢

3

T "ON U
Hd

N N

. . . . . .
e OWOIN S~ 00N :: OAOVOMNO P~ v
~N

)
weq e\
MSM T

ONNOOFFTOVOANOAHW u::z :: OO :: ~ N

3¢

€ v
mopeajy

mopeIp @
uadsy B

A
MOpeBIW 1}

mope
sy

NN NN NN~

NMOOOOCOMUNOOOHIOHVVONHIVOARARAFTCONNVOFIOOOMOO AHOHI

Hd POOMU0}10) 3uUld BuoT

uapunBey 99
218u0191q S9

| uday w9
{9J0g €9

UIW udoyuaaug z9
mopealy asanbnysoy 19
S99y 9amIvy 09

38 T @ul4 auoT 6S
ULy |ed8Ulp 8S
edoobey) LS

auld duoT 9G

MN G ®uUld U0l | GG

11 MOPRAW B1IIPIA €S
= ELETD b4
g1 Sy lyn 8t
-9z 1) 3 |be3 A4
-8z dwe) saabpoy 9t

dv M P|®1j)saaxjeg 9¢
MT Pl@ljstareg SE

ulAly {4

uokue) uld)y (14
T "ON Hd udey | zg

uteJon o€
|®qes| 62
uop|oam 8e

xAug Lz

s3BH paojioM 92
€ °"ON Hd uJ3)y Sz
8| [tAuul Y €2

Apoop 22
Aosog 12

mopea) Junqa|qnoq 61
a|epuosuyop 8T

| uJay L1
punoy 971
samiBy 77
yseuop €71
utyenp 21
J8SSOH TT
104904
Llem1y
3N 19M

8
L
9
fauun) S
T
14
T

AT MOpeS 98131QRJI)
‘0T A{A voluQp @duapuadapuj
(sayouy)
LINNOWY NOIL1d1¥2S30 ‘0N
HWYOLS

SNOILVLS NOILVLIdI

J34d

S3N ANDIS
37vdS
S8ysul Ul junowe }3AY0S| WIOYIG—G7—
oben abeuolg
sadA} yiog
51611

Buipiosay-uoy

Buipaooay

|_NONNS)

aN3931

Sg . ‘ — 006

SraEll

QLB

s 1]

Syt
§109€
0% .9¢
5 0 9€

00.9¢

o
>

.
w
(=




L 1¥VHD

6L6T AMYNNYP 9400 W R
VINYO41TVO “OLNINVHIVS ‘SYIINIONI 40 SdH0D
6961 AYVNNY( 9Z-b2
dVW TVL3AHOSI
VINYO4ITVD ‘HIAIY NY3IN
671 suas)y zs
LB dvy tdeyseys) 11
S'T [tiue) oS
i uaseyohu) 6t
9t Sy (un 8t
6°6 49 9|bey Lh
1'11 dwe) saabpoy 9h
0-ot uoys iy due) St
16 BWOH ulejunoy | qf
6°L AN G OL!W | €n
T g _ 938N pPOOMUO}}IO0) n PR
L6171 | }1S9404 3jumly Ih
98 mopsa desiieag ot
527 MOpPBOW | {®YO3! W 6¢
1707 43 [lepuiy 8¢
AsG souapuadapuy L€
S dv GM Platljsdiereg 9¢
e utAaly ®e
Lt T "ON H4 uJey z€
€2 auieson 0t
o
0'h weq e|{equsj 62 (A
€€ MSM T uoplemM | 82
6°€ xfug Lz
8¢ s3BH paojjop 9z le
L n € "ON Hd udsy gz | '8
R Sy uoy{ng e|(iAuLaD ( fZ
St 3{(tauue(y €2
82 Apoom | zZ
0°9 3¢ Aesoyg 114
1°11 aepuosuyor 8T
9°L € 1u| uJey A
L'rT | mopea punoy 97
6z | somiey | 4T
AR S S| %oeSSOH 1T
19 3INI L oLLtaBuradg 01
L'8 | SiMpH enyL e [!ABulidg 6
8 €7 MOpuBK 318320} 8
£°01 L1om3y L
G MOpWal 10M 9
L'h Hd POOMUO}}O0) BUI4 QUOT '
(sayou|)
LNNOWY NOI1d1¥283a ON
WY01S
SNOILVLS NOILVL1IdIJ3¥d

SN RNDIS

37vos

1

$9Ydul Uy junowe 38AYOS| WI03G—G ——
abey ebuvioigs (P
sed4f] yiog e
Buipsodsey-uopN O
Buipiocosy @

e —

N3917

Sle6ll

0061l

Sb o8l




No. 1860
Kern River
near Kernville

No.

No. 1854

Little Kern River
near Quaking Aspen
Camp

No. 1882

; 9 South Fork Kern
Kern River near ]
” River near Olancha
Quaking Aspen
No. 1870 Céﬁp
Kern River at
Kernville
(8)
Kern River Local
above Isabella Lake
South Fork Kern No. 1895
River Local above 10 S?uth Fork Kern
Isabella Lake River near Onyx
No. 1905
| SABELLA LAKE 109
No. 1897

No. 1925

(6)

Kelso Creek
near Weldon

Kern River near

KERN R

2 20
Democrat Springs

I VER

No. 1940
Kern River near
Bakersfield

LEGEND

/\ Lake
O Subarea
<>»Routing and Combination Points

(4)

Tatum Routing Steps between
Index Points (2 hour time interval)

KERN RIVER, CALIFORNIA

ROUTING DIAGRAM

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

Prepared: R.C.K.
Drawn: C.A.P.

Date: JANUARY 1979
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Lag in hours
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TERMINOLOGY
L - Length of longest watercourse.
Lca - Length along longest watercourse,
measured upstream to point
opposite center of area.
S - Overall slope of longest water-

course between headwater and
collection point.

Lag - Elapsed time from beginning of
unit precipitation to instant
that summation hydrograph
reaches 50% of ultimate
discharge.

T - Basin factor representing basin
shape, drainage pattern, and

roughness of the stream beds.

KERN RIVER, CALIFORNIA

LAG RELATIONSHIPS

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

Prepared: M.A.S.
Drawn: C.A.P.

Dale: JANUARY 1979
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1
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2 ‘ 3
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Time in days
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FROM:

i B e le]
sfense Technical Information Center 22 October 2008

ATTN: DTIC-O '
8725 John J. Kingman Road, Suite 0944
---~Fort Belvoir- VA—22080-6248-- - o e

US Army Corps of Engineers
Sacramento District Library

A

1325 J Street, Suite 820
Sacramenic CA 95814-2282

SUBJECT: Submission of te¢hnical reports for inciusionin Technical Reports Database

The enclosed decuments from USACE Sacramento District are hereby submitted for inclusion in

DTIC’s technical reports database. The following is a list of documents included in this

shipment:

ADB344304

ADB344333

ADB344348

ADB34430%
ADB34434¢

sl

AD B344313

ADB344302 »

ADB344485 *

ADB344268 =
ADB344197-

ADB3H426¢ -

ADB344201 /s
ADB344198

-

ADB344213 »

-

ADB344265
ADB344261 °

ADB344343 ,

Lemon Reservoir Florida River, Colorado. Report en reservoir regulation for flood
contrel, July 1874
Reconnaissance report Sacramente Metropolitan Area, California, February 1988
New Hogan Dam and Lake, Calaveras River, California. Water Control Manual
~Appendix Il to'Master Water Conirol Manual San Joaquin River Basin, California, July
1983
Special Flood Hazard Study Nephi, Utah, November 1598 (cataloged)
Special Study on the Lower American River, California, Prepared for US Bureau of
- Reclamation — Mid Pacific Region and California Dept. of Water Resources.. , March
1687
Transcript of public meeting Caliente Creek stream group investigation, California, hela
by, the Kern County Water Agency in Lamont, California, 9 July 1979
Initial appraisal Sacramento River Flood control project (Clenn-Colusa), California, 10
February 1989
Report cn November-December 1850 flocds Sacramento-San Joaquin river basins,
California and Truckese, Carson, and Walker rivers, California and Nevada, March 1
Reexamination Littie Dell Lake, Utah, February 1884

951

Special report fish and wildlife plan Sacramento River bank protection project, California,

first phase, July 1979

Programmatic envircnmental impact statementenvironmental impact report
Sacramento River fiood control system evaluation, phases {I-V, May 1992

Hydrology office report Kern river, California, January 1979

Kern River — California aqueduct intertie, Kern county, California, environmental
statement, February 1974

Sacramento river Chico Landing to Red Bluff, California, bank protection project, final
environmental statemeant, January 1975

Cottonwood Creel, California, Information brochure on selected project plan, June 1982
Sacramento river flood control project Colusa Trougn Drainage Canal, California, office
report, March 1993

Detailed project repori en Kern River-California aqueduct intertie, Kern County,
California February 1974



ADB344267

ADB344246 <

ADB344260 * -
ADB344199 .

ADB344263

ADB344262

Sacramento River Flood Control Project, California, Right Bank Yolo Bypass and Left
Bank Cache Slough near Junction Yolo Bypass and Cache Slough, Levee construction,
General Design, Supplement No. 1 to Design Memorandum #13, May 1986

Redbank and Fancher Creeks, California, General Design Memorandum #1, February

- 1986

Cache Creek Basin, California, Feasibility report and environmental statement for water
resources development Lake and Yolo counties, California, February 1979
Sacramento River Deep Water Ship channel, California, Feasibility report and
environmental impact statement for navigation and related purposes, July 1880
Sacramento River flood control project, California, Mid-Valley area, phase IIl, Design

"~ Memorandum, Vol. [ or Ii, June 1985 . -

Marysville Lake, Yuba River, California, General Design Memorandum Pﬁase |, Plan
Formulation, Preliminary Report, Appendixes A-N. Design Memorandum #3, March 1977

The distribution statement is A approved for public release; distribution is unfimited.

The Sacramento District source code is 410637. Please return any materials that aren’t
appropriate for the technical reports database.

Please acknowledge receipt of shipment by sending email message to
Frances.J.Sweeney@usace.army.mil.

Thank you,

Frances J. Sweeney

Library Manager

USACE, Sacramento District Library
916-557-6660



